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Abstract— Smoothly polished prosthesis surface is a crucial requirement in medical application and important feature that determine 
the proper response to corrosion and biocompatibility in the human body. Tumbling is one of the pre-polishing processes that can be 
conducted in order to improve the surface roughness of the machined prosthesis. However, the using of ceramic media for the 
tumbling process in medical application is not widely reported. This study was conducted to investigate the effect of mechanical 
tumbling parameters on the surface roughness of medical grade CoCr alloy by using alumina (Al2O3) based ceramic media. The 
experiment was performed with a different level of rotational speed (35, 55, and 75 rpm) and soaking time (4, 6 and 8 hours) of the 
tumbling process. The surface roughness of specimens before and after the process was measured using Mitutoyo Formtracer CS-
5000 and the edge radius was measured using Olympus SZX9 microscope integrated with I-solution Lite software. It was figured that 
6 hours tumbling time at 55 rpm showed the most significant reduction (32 %) in surface roughness (Ra) of the CoCr alloy specimen, 
while 8 hours tumbling time at 75 rpm showed the highest effect on the edge radius of the specimen at 63 % increment. 
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I. INTRODUCTION 
Artificial bones, known as a prosthesis, is commonly 
made of polymer, composite ceramic and metal [1]. Surface 
roughness properties play an important role in the 
fabrication of prosthesis as the materials need excellent 
tolerate contact with the bones and tissues in the body [2]. 
The improper surface roughness of the prosthesis may find 
difficulties in joint with adjacent bones and other tissues, 
which will cause the loosening of the implant [3]. On the 
other hand, the rough surface also will contribute to high 
wear rate and corrosion, where the ion release from these 
processes may go to the surrounding tissue and cause 
allergic and problematic symptoms [4]. Thus, it is essential 
that these prostheses need to undergo the proper surface 
finishing process so that the desired surface finish can be 
achieved based on the clinical standard [5]. Key factors for 
the prosthesis or biomaterials is to have low wear, low 
friction, and smooth surface and perfect clearance [6]. 
Nowadays, cobalt chromium (CoCr) alloys were used in 
such applications as hip and knee prosthesis due to its 
excellent properties instead of biocompatibility material. 
Numerous research has been done in some modification 
in implant surface to improve their incorporation in bone 
tissue [7]. Different parameters of surface roughness varies 
depend on several medical requirements including bio-
tolerance and ability to perform a better combination for the 
artificial joints application [8].  
Tumble finishing or other terms which known as tumbling 
or rumbling [9] is a method for smooth out and polishing a 
rough or irregular surface on relatively small work parts. In 
the metalworking field, burr and a sharp edge are common 
remaining by-product after machining operation [10]. Metal 
tumbling is widely used in industry to burnish, deburring, 
cleaning, radius adjustment, de-flash, descale, eliminating 
rust, polishing, brightening, surface hardening, prepare parts 
for further finishing, and separating die cast runners [11]. 
Tumbling operation consists of loading a charge 
composed by the components to be finished, media, water, 
and compound within a rotating barrel. A horizontal of a 
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multi-dimensional barrel is occupied with the parts which 
are then rotated which represent the tumbling process. The 
rotation transmits to the granular material a shear force able 
to carry up the charge until a critical state is reached: at this 
stage, a portion of the material, previously involved in a 
solid motion, collapses in an avalanche flow namely active 
layer. This way some phenomena can occur. These 
phenomena depend upon several aspects such as the physical 
and geometrical properties of the granular elements, the 
shape and the typology of the barrel and the process 
parameters. Different granular flows can be observed when 
one of these aspects changes. 
Tumbling media which have cutting ability can get rid of 
burrs and can smoother work part surfaces [11]. The impact 
force of the abrasive on the work part rises as the larger 
media pieces presence. Thus the effectiveness of the 
abrasive can improve the work part surface to be more shine. 
A very important function of the medium is to separate parts 
during the debarring, cutting, surface improving or 
burnishing operations. The media parts volume ratio is 
normally used to control the amount of part-on-part contact 
which will occur in a vibratory or tumble finishing operation. 
At low ratios, considerable part-on-part contact occurs, 
while at higher ratios part-on-part contact is limited. Media 
has the unique ability to scrub surfaces and physically assist 
compounds in their cleaning function [11]. Both abrasive 
and non-abrasive media are effective in this. They can 
remove organic soils, scale, and other inorganic residues. Fig. 
1, 2, and 3 shows the type of media. 
 
 
Fig. 1 Aluminium Oxide Media 
 
 
Fig. 2 Ceramic Media 
 
 
Fig. 3 Silicon Carbide Media 
 
One of the most important properties necessary in 
tumbling media is hardness [12]. The media must be harder 
than the material it is to grind, polish, or remove. From 
Table 1, the aluminum oxide-based ceramic media shows 
that the higher value of hardness properties compared to 
media of plastic. Based on the hardness properties, the 
selection of aluminum oxide-based ceramic media for the 
tumbling finishing process is rational for the surface 
roughness reduction of CoCrMo. 
TABLE I 
PROPERTIES COMPARISON BETWEEN PLASTIC MEDIA AND ALUMINIUM 
OXIDE BASED CERAMIC MEDIA 
Mechanical Properties Plastic Media 
Aluminum 
Oxide based 
Ceramic Media 
Density, gm/cc 2.6 3.89 
Compressive Strength, 
Mpa 1200 2600 
Hardness, Kg/mm2 1019 1440 
Maximum Use 
Temperature, 0C 650 1750 
 
In the tumbling process, bath solutions are also added to 
mass finishing processes to prevent scratched and black on 
sample surface from embedded abrasives. The solutions are 
usually broken up into four types which are deburring and 
finishing, burnishing, cleaning, and water is stabilizing [13]. 
Deburring and finishing compounds are mainly designed to 
suspend the small particles created when deburring and 
abrading parts. They are also designed to keep workpieces 
clean and inhibit corrosion. Burnishing compounds are 
designed to enhance brightness and to develop certain colors 
after mass finishing. Cleaning compounds are usually dilute 
acids or soaps designed to remove soil, grease, or oil from 
the incoming parts. They also provide corrosion resistance 
for ferrous and nonferrous parts. Water stabilizer is used in 
conjunction with water to maintain a consistent water 
hardness and level of metal ions. When combined with 
compounds, the water not only carries the abrasives and 
keeps the media clean, but also acts as a cushion to help 
protect the parts [14]. 
Tumbling finishing provide a deburring process which 
used to deburr, clean, radius, polish, brighten and prepare 
parts for further finishing. Burrs are undesired projections of 
material beyond the edges of the workpiece due to plastic 
deformation during machining. Burrs of excessive size often 
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must be removed for the part to be handled safely, 
assembled, or function effectively. Besides that, the 
tumbling process deburrs an estimated 30-50% of all hand 
size and smaller metal piece parts [15]. The agitated 
tumbling barrel causes the solution to circulate and lubricate 
the media in a smooth tumbling action. Burrs are slowly 
abraded away. Usually, different shapes are used in the same 
load to reach into every geometry of the part [16]. 
The rotational speed of the barrel will produce a 
centrifugal force that acts on the components in the barrel 
which clinging them on the barrel’s wall. At some point, the 
components bump and starting collide with each other. This 
movement will create a polishing process on the workpieces 
[17]. The changes in these variables produced a different 
value of surface roughness. Several investigations have been 
studied on the characterization of the rotating tumbling 
motions. 
Henein et al. [18] developed a tool, called the bed 
behavior diagram, allowing navigating the map of the 
possible granular motions as a function of the filling 
percentage and the rotational speed. The bed behavior 
strictly depends upon the particular charge and the employed 
barrel. Boateng [19] attempted the identification of the 
kinematics: the change in velocity profiles deeply modifies 
flow behavior from pseudoplastic to Newtonian to dilatant 
types. Boschetto and Veniali [20] found the relationship 
between granular material density, responsible of the 
dilatancy, and the velocity gradient within the active region: 
in this work the rolling and the cascading regime are 
considered as the most suitable for tumble polishing. 
Mellmann [21] analyzed and modeled the transition 
behaviors in a simplified way highlighting that in 
correspondence of rolling–cascading transition no 
mathematical model is known. Some experimental 
investigations have been carried out to empirically observe 
the kinematics of the rotating cylinder adopting different 
measuring techniques. Pérez-Alonso and Delgadillo [22] 
used digital image processing to validate 2DDEM code: 
simulation of ideal spheres are very close to experimental 
values. Nakagawa [23] employed noninvasive nuclear 
magnetic resonance imaging to determine axial segregation 
of particles within rotating cylinders. Bbosa et al. [24] 
reconstructed the motion of mono-sized glass balls within a 
small tumbling mill: experiments were undertaken using the 
positron emission particle tracking. Domblesky et al. [25] 
and Hashimoto et al. [26] presented force-based models of 
workpiece-media contact to predict material removal rates. 
Potentially powerful Discrete Element Methods (DEM), 
which model media particles as discrete entities and tracks 
their interactions with the workpiece, are being pursued by 
Uhlmann et al. [27] and Spelt’s research group [28]. While 
the DEM approach is computationally expensive and reliant 
on difficult to obtain material properties when fully realized, 
it has the potential to predict media-workpiece impact modes, 
forces, and frequencies, thus providing insights on material 
removal mechanisms and expected finishes. 
It is proved that tumbling can improve the surface finish 
of the product significantly [29]. However, these processes 
have not received the same level of scientific scrutiny as 
other material removal processes and thus remain in need of 
comprehensive, predictive, and systematic modeling 
investigations. In this paper, the effect of mechanical 
tumbling on the surface roughness of CoCr alloy were 
reported. 
II. MATERIAL AND METHOD 
For research is used an ASTM F75 CoCr alloy solid cut 
into the rectangular with the tapered angle. Table 2 
summarizes the composition of CoCr alloy. 
TABLE II 
THE COMPOSITION OF COCO ALLOY IN WEIGHT PERCENT 
 
The machining process that involved in this study was 
tumbling machining which provides polishing, cleaning, 
burnishing and deburring toward the surface of medical 
grade CoCr alloy. CoCr alloy specimens were cut by using 
Wire Electrical Discharge Machining (EDM Wire Cut). 
These specimens were ground by using Bainpol-VTD 
grinder in order to remove the oxidation layer from the 
specimen. Then the specimens were cleaned before undergo 
tumbling process. The dimension of the CoCr alloy 
specimen is shown in Fig. 4. 
 
 
 
Fig. 4 The dimension of CoCr alloy specimen 
 
The manipulated variables in this experiment were speed 
and time taken for the tumbling process, which was 
determined based on the literature. The tumbling barrel was 
filled with CoCr alloy specimens, Al2O3 based ceramic 
media, and sodium hydroxide solution. The rotational speed 
of the tumbler machine was controlled at 35 rpm, 55 rpm 
and 75 rpm which gives the three-speed variation for this 
experiment. The speed was adjusted by the connected 
inverter that can variate the motor speed of the tumbling 
machine. Running time were set at three variations; 4 hours, 
6 hours, and 8 hours.  
Aluminum based ceramic media was used for this 
tumbling process, and it is fixed for every run of the 
experiment. These media were filled for half full of the 3-
litre barrel volume. There were two different cutting type of 
ceramic media used, which are angle cut and straight cut as 
Ni N Co Cr Ti Mo 
< 0.5 < 0.25 57.4 - 65.0 27.0 - 30.0 < 0.1 5.0 -7.0 
Al Fe Mn W C Si 
< 0.1 < 0.75 < 1.0 < 0.2 < 0.35 < 1.0 
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shown in Fig. 5 and Fig. 6 respectively. The 100ml of 
sodium hydroxide solution was measured and filled in the 
tumbling barrel as it is necessary for the CoCr alloy 
specimens to experience the same effect in every run of the 
tumbling process. 
 
 
 
Fig. 5  Angle cut ceramic media 
 
 
Fig. 6  Straight cut ceramic media 
 
In overall, there are nine runs of the experiment were 
conducted with difference parameter setup. The 
measurement of surface roughness and edge radius was 
taken before and after the tumbling process. The steps 
involved for the tumbling process on CoCr alloy are as 
follows: 
• The tumbling barrel is half full filled with the six 
pieces of CoCr alloy specimen and the Aluminum 
Oxide based ceramic media. 
• The tumbling barrel is filled with sodium hydroxide 
solution, and the barrel’s cover is tighten. 
• The speed of 35 rpm ran tumbler machine for about 4 
hours. 
• The work pieces and media is rinsed with fresh water. 
• All of the steps above were repeated but with 
different time taken off 6 hours and 8 hours. 
• All of the steps above were repeated with different 
rotational speed of 55 rpm and 75 rpm. 
Mitutoyo Formtracer CS-5000 had been used to measure 
the roughness of specimen surface as shown in Fig. 7. The 
average Ra values were taken as an indicator of the surface 
roughness of the specimen. On the other hand, the edge 
radius was measured by using Olympus SZX9 Microscope 
integrated with Resolution Lite software as shown in Fig. 8. 
The changes of edge radius are related to the significant burr 
removal. 
 
 
 
Fig. 7  Mitutoyo Formtracer CS-5000 
 
 
 
Fig. 8  Olympus SZX9 Microscope 
III. RESULTS AND DISCUSSION 
The results of the effect of rotational speed and tumbling 
time on the changes in surface roughness and edge radius 
were presented and discussed in this section. 
A. Analysis of Surface Roughness 
The surface roughness measurement were taken before 
and after the tumbling process as it is necessary to determine 
the difference in response values that being affected by the 
selected parameters. The average surface roughness different 
and percentage of surface roughness reduction of the 
specimens is calculated for every run of the experiment. The 
experiment result is summarized in Table 3. 
TABLE III 
EXPERIMENT RESULT OF SURFACE ROUGHNESS, RA DIFFERENCE AND 
PERCENTAGE OF SURFACE ROUGHNESS REDUCTION 
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1 4 35 0.0375 5.439 
2 4 55 0.0680 16.408 
3 4 75 0.0025 11.380 
4 6 35 0.0950 30.370 
5 6 55 0.1565 32.328 
6 6 75 0.0930 26.488 
7 8 35 0.0140 5.417 
8 8 55 0.0655 18.545 
9 8 75 0.0080 1.887 
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The result is illustrated in Fig. 9 that represents the graph 
of average surface roughness difference versus rotational 
speed. The three lines that represents the selective time 
shows the same graph trend which the average difference of 
surface roughness is increasing initially from 35 rpm to 55 
rpm and then become drop when proceeding to higher speed 
which is 75 rpm. This means that all of the surface 
roughness value, Ra of CoCr alloy specimens has decreased 
but the reduction of the Ra value is different for every run of 
the tumbling process. The highest average Ra difference 
value is obtained when the speed parameters is set at 55 rpm.  
 
 
Fig. 9  Graph of surface roughness difference against rotational speed 
 
The component in the tumbling barrel begin to move in a 
regular and orderly manner from 35 rpm to 55 rpm. This 
action provided an effective cutting deburring and polishing 
on the CoCr alloy specimens which caused the value of the 
average Ra difference become increase. There is relative 
movement of media against parts within the bulk of the load 
or in the regions adjacent to the walls of the barrel. This 
means the reduction of the Ra values is become higher due 
to this tumbling condition as the specimen and media were 
colliding effectively for the polishing and deburring purpose.  
When going for the further rotational speed which is up to 
75 rpm, it showed that the average difference in Ra value 
become drop which means the reduction of Ra value become 
lower. This happen is due to component movement behavior 
in the tumbling barrel which being swept upwards only to 
fall back against the parts below. The CoCr alloy specimens 
were not polished well by the media at this such speed. This 
condition is not effective due to their behavior that being 
severely damaged by colliding with one another and the 
media seems to be more wear as they experience a vigorous 
collision between themselves and the barrel’s wall. In other 
words, this phenomenon is known as impingement where the 
colliding motion occur in the non-effective slide zone in the 
tumbling barrel [30]. The higher rotational speed caused the 
component in the barrel experience more centrifugal force 
that made them to be cling at the barrel’s wall. Thus this 
make the component to be sliding and bumping on the 
narrow slide zone of the movement behavior in the barrel 
that contribute to the slow cutting rate. 
Time taken of the tumbling process would give effect 
towards the surface roughness of CoCr alloy specimens 
where the variation of this parameter was made by three 
levels which is 4, 6 and 8 hours of tumbling process. 
Initially, the average Ra difference value becomes increasing 
as the cutting rate become high when the time is set from 4 
hours to 6 hours of tumbling process. The increment in 
cutting rate is due to the frequent collision between the 
abrasive media and the specimens that occur in the tumbling 
barrel [31]. The media obviously has their ability to make 
the cutting and polishing action towards CoCr alloy 
specimens in the beginning duration of tumbling process 
which 4 to 6 hour.  
A tumbling process extended until 8 hours, the average 
Ra difference value turned out to decrease which means the 
less reduction of surface roughness value. This happened is 
because of the repetitive colliding motion of the component 
in the barrel that effects the abrasive media to experience 
more wear. The component happened to be more frequent to 
collide with themselves and the barrel’s wall for a long time 
taken of the tumbling process. Thus the cutting and 
polishing rate becomes less that results in the less reduction 
of the surface roughness value. 
B. Analysis of Edge Radius 
The selective tumbling parameters give significant effect 
towards the final edge radius values to be much higher 
compared with initial edge radius values which means burr 
removal occur onto the CoCr alloy specimens. The result is 
summarized in Table 4 and illustrated in Fig. Ten that 
represents the graph of average edge radius difference 
against speed with the time taken as constant. While Fig. 11 
shows the difference of edge radius before and after 
tumbling process. 
TABLE IV 
EXPERIMENT RESULT OF EDGE RADIUS DIFFERENCE AND PERCENTAGE OF 
EDGE RADIUS INCREMENT 
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1 4 35 0.0045 1.622 
2 4 55 0.0355 4.354 
3 4 75 0.0970 13.550 
4 6 35 0.0145 19.088 
5 6 55 0.0595 31.776 
6 6 75 0.1065 38.517 
7 8 35 0.0250 29.353 
8 8 55 0.0680 36.535 
9 8 75 0.1640 63.077 
 
 
Fig. 10  Graph of average edge radius difference versus speed 
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Fig. 11 Edge radius of the sample before and after the tumbling process for 
Run 1 – Run 9 
 
The tribological behavior of the interactions between the 
media and specimen is complex. In this study, repetitive 
collision contact is developed and used to investigate the 
interface behavior of the tumbling process. The increasing of 
speed caused the specimen and media in the tumbling barrel 
to collide more vigorously within themselves. This situation 
provides slow but significant burr removal — the longer 
time is taken for the tumbling process, the more removing 
burr to increase [32]. When going for the further speed up to 
75 rpm, the average edge radius difference becomes 
increasing steadily which means that significant burr 
removal is less gaining momentum compare to the previous 
speed that varies from 35 rpm to 55 rpm. This happened is 
because of the cutting action becoming less due to the 
motion of the component in the non-effective slide zone and 
the abrasive media also going to experience more wear as 
the speed increase [33]. The agitated tumbling barrel causes 
the solution to circulate and lubricate the media in a smooth 
tumbling action which caused burrs are abraded away. 
Further treatment at higher rotational speed would be linear 
edge smoothening [34]. 
IV. CONCLUSION 
In this study, pre-polishing of the machined CoCr alloys 
have been carried out using the tumbling process. The 
rotational speed and tumbling time had been set at certain 
values in order to investigate their effects on the surface 
roughness and edge radius. This research found that it is 
important to know how the parameters of rotational speed 
and time took determines the motion behavior of elements in 
the tumbling barrel to supply the collision for the desired 
purpose of tumbling machining. Relating to the mix of the 
parameters, it is concluded that the high reduction in surface 
roughness, Ra of up to 32%, can be achieved at the 
intermediate level of rotational speed which is 55 rpm in 6 
hours of tumbling process. Prolonging the time cycle and 
speed beyond this point lead progressively to a small 
difference to the value of surface roughness and degradation 
of the finish. Much burr removal can be achieved by the 
higher speed and longer time taken for tumbling process 
which is 75 rpm within 8 hours. There is a substantial need 
to reduce, prevent and eliminate burrs so that the part is 
more likely to be handled safely, assembled, or function 
effectively. 
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